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A machine for bending of long products and a method to control such a machine 
Field of the Invention 

The present invention relates to a method to prpcess monitor and control a machine for 
continuous bending of long products to a predetermined radius. The invention also 
relates to a machine for continuous bending of long products to a predetermined radius, 
comprising a bending device and a feeding device for feeding the long product through 
the bending device. 

Background of the Invention 

When continuously bending a long product of metal, a spring back occurs that entails 
that the bending radius will not be the desired one unless allowance for the spring back 
has been made upon adjustment of the machine. The spring back is different for differ- 
ent metals and steel grades and may also vary within, for instance, one steel grade, 
which may entail poor accuracy. 

Object of the Invention 

It is an object of the invention to be able to bend a long product with high accuracy of 
the bending radius. 

Brief Description of the Drawing 

The figure shows schematically and fragmentary, as an embodiment example of the 
invention, a top plan view of a machine during continuous bending of a long product. 

Description of Shown Example of the Invention 

The figure shows a long product 1 1 , which may be a steel product during continuous 
bending in a bending machine. The long product is shown as a U-girder or as a steel 
plate having bent-up sides. The bending machine is shown utmost fragmentary and 
schematically. It has a feeding device in the form of two motor-driven rolls 12,13 that 
feed the long product through the machine. The machine has a first fixed roll 14, which 
abuts against one of the sides of the long product, and a roll 15, which is adjustable and 
abuts against the other side of the long product. A third roll 16 is displaceable by means 
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of a power means 17 to and from the long product, as is shown by the arrow for bending 
the product to the desired radius when the product is fed through the three rolls 
14,15,16. 

Three contact-free distance meters arranged in parallel in the form of laser transmitters 
20,21 22 are fastened on a common frame 23. The frame 23 is mounted in guide rails 
24,25 so that it is displaceable to and from the long product 11. The laser transmitters 
measure the distance to three distinct points along a bent surface on the long product. 
The laser transmitters are coupled to a processor 26 and the processor 26 is coupled to 
control the power means 17. 

The distance between the parallel measuring beams of the laser transmitters 20,21 and 
between parallel measuring beams of the laser transmitters 21,22 is equal and has 
been designated "d" in the figure. The distances measured by the laser transmitters 
20,21,22 have been designated "yi", "Yz", V- 

The processor 26 calculates actual bending radius based on the fixed distances 
between the measuring beams and the three measured distances "y" and compares the 
calculated actual bending radius (the actual value) with the desired radius (the set 
value) and controls the power means 17 to lift the roll 16 to a position which gives an 
actual calculated bending radius corresponding to the desired one. 

The radius may be calculated according to the known general formula 1/R = 

y'7(1+(y')) 3/2 . 

For the small distances between the measuring beams, the equation x 2 + y 2 = R 2 of the 
circle may be replaced by a second-degree polynomial y = f(x), i.e. y = a + bx + cx 2 and 
three equations are obtained with three unknowns. Said second-degree polynomial may 
relatively easy be derived and gives y' = b + 2cx and y" = 2c. It is suitable to choose a 
orthogonal coordinate system with the y-axis parallel to the laser beams and the origin 
in the beginning of the measuring beam yi so that 
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Xi - a, x 2 - d, x 3 = 2d, where the x-values accordingly are the values of the three laser 
beams along the abscissa. 

The following system of equations is then obtained 
yi =a 

V2 = a + bd + cd 2 

y 3 = a + b(2d) + c(2d) 2 

The above-mentioned general formula for the radius of the circle gives 
R = (1 + (y') 2 ) 3 ' 2 / Y" which becomes R = (1 + (b+2cd) 2 ) 3/2 / 2c 

Thus, the actual circle radius may easy be calculated by an approximation, which gives 
an error of only some per cent, since the distance between the three laser beams is 
relatively small. The distance may suitably be about 200 mm between two laser beams. 

Laser transmitters for measurement of distance have a relatively small measuring range 
but since it solely is the relation between the measured values y that is of interest, the 
frame 23 on which the meters are mounted may be moved along the guide rails 24,25 
thereof without influencing the calculation. 

Roofing sheet having standing seam, where the raised longitudinal edges of the sheet- 
metal plates are terminated by beads that are snapped together, are normally only used 
as straight sheet-metal plates. SE 0103229-1 and PCT/SE02/01689 provide, however, 
a method and a machine for bending such sheet-metal plates. The raised edges are 
rolled thinner against the beads in order to get a bending that is adapted for a convex 
roof, for instance a domed roof, or the raised edges are instead rolled thinner against 
the bottom when a bending adapted for a concave roof is desired. In this application for 
roofing sheet, the actual bending radius may vary fairly much from the one desired by 
virtue of stresses in the roll-shaped sheet metal. Therefore, the present invention has a 
particular bearing on that product. The invention is directly applicable on the machine 
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that is shown in these patent applications, but it is also possible to supplement the 
machine shown in the references with the bending rolls 15 and 16 shown in the present 
application. These rolls are then arranged after the rolling rolls and provide a last 
bending for final adjustment of the bending radius. It is possible to control both the 
rolling rolls and the roll 15 in response to the calculated actual bending radius or only 
control the roll 15 in this way. The bending device will in this case comprise both the 
rolling rolls according to the above-cited publications and the bending rolls 15 and 16. 
The machine according to the above-mentioned publications is not described but refer- 
ence is made to the publications. 



